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1
MULTI-FUEL FLOW SYSTEMS AND
METHODS WITH DEDICATED EXHAUST
GAS RECIRCULATION

FIELD OF THE INVENTION

The present invention relates generally to exhaust gas recir-
culation in internal combustion engines, and more particu-
larly is concerned with systems and methods for exhaust gas
recirculation from one or more dedicated cylinders that
receive multiple fuel flows.

BACKGROUND

The production of noxious nitrogen oxides (NO, ) by inter-
nal combustion engines which pollute the atmosphere are
undesirable and in many cases are controlled by regulations
established by governmental entities. Furthermore, spark
ignited engines exhibit abnormal combustion phenomena
called “knock”, which occurs when combustion reactions in
the unburned zone initiate rapid uncontrolled combustion
prior to the arrival of the propagating flame front of a homog-
enous combustion process. One method for controlling knock
includes increasing the flame propagation rate by, for
example, improving the mixture homogeneity or by increas-
ing the turbulence level induced by organized charge motion.

One technique for limiting or controlling the combustion
temperature of the engine and thus reduce NO, emissions has
been to recirculate a portion of the exhaust gas back to the
engine air intake to lower the oxygen content in the intake air.
This reduces the combustion temperature of the intake charge
and in turn reduces the amount of NO, formation during
combustion due to lower flame temperatures. In order to
recirculate exhaust gas, an exhaust gas recirculation (EGR)
line that connects the exhaust manifold to the intake air sup-
ply line is provided.

A technique to increase the flame propagation rate to
address knock is to have one or more cylinders dedicated to
providing EGR flow to the engine intake. When the EGR line
is connected with one or more dedicated cylinders, the engine
acts as a positive displacement pump to drive the EGR flow,
eliminating pumping losses in transporting exhaust to the
intake system and allowing a wide range of engine out nitrous
oxide emissions to be achieved. Also, since the exhaust from
the dedicated cylinder does not escape the engine, it is pos-
sible to have alternative combustion processes with the dedi-
cated cylinder(s). In addition, a variable geometry turbo-
charger is not required to drive EGR flow, facilitating meeting
of target air-fuel ratios.

Engines operating with one or more cylinders as dedicated
EGR cylinders enjoy greatly simplified controls and pressure
management, fewer hardware devices, and other benefits.
However, while there is some ability to control the combus-
tion processes such as by running the dedicated EGR
cylinder(s) to generate favorable species like hydrogen, the
ability to do so is limited since the same fuel is used in the
dedicated and non-dedicated cylinders. For example, certain
fuels provide high energy density but do not readily produce
favorable species such as hydrogen and carbon monoxide,
which increase combustion speed, reduce engine knock, and
improve fuel economy. Other fuels more readily produced
favorable species, but sacrifice energy density and perfor-
mance.

Thus, there remains a need for additional improvements in
systems and methods that include one or more dedicated

10

15

20

25

30

35

40

45

50

55

60

65

2

cylinders dedicated to providing EGR flow to optimize opera-
tion, performance, and fuel economy of internal combustion
engines.

SUMMARY

Embodiments include unique systems and methods for an
engine having a plurality of cylinders and a dedicated exhaust
gas recirculation system. The dedicated exhaust gas recircu-
lation system recirculates exhaust gas flow from at least one
dedicated cylinder of the engine into an air intake system
prior to combustion. The systems and methods further
include a fuel system that provides a first fuel flow to the
plurality of cylinders and a second fuel flow to the dedicated
cylinder(s). The first fuel flow to the plurality of cylinders is
controlled to provide an exhaust lambda value of about 1 from
the non-dedicated cylinders while the second fuel flow to the
dedicated cylinder(s) is controlled to provide an exhaust out-
put having desired characteristics for recirculation to the plu-
rality of cylinders with the intake air flow. Further embodi-
ments, forms, objects, features, advantages, aspects, and
benefits shall become apparent from the following descrip-
tion and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic illustration of an internal combustion
engine system that is configured to provide dedicated EGR
flow from one or more dedicated cylinders and exhaust outlet
flow from one or more non-dedicated cylinders.

FIG. 2 is a schematic illustration of a portion of the internal
combustion engine system of FIG. 1 showing one embodi-
ment of a fueling system for the dedicated and non-dedicated
cylinders.

FIG. 3 is a schematic illustration of a portion of the internal
combustion engine system of FIG. 1 showing another
embodiment of a fueling system for the dedicated and non-
dedicated cylinders.

FIG. 4 is a schematic illustration of a portion of the internal
combustion engine system of FIG. 1 showing another
embodiment of a fueling system for the dedicated and non-
dedicated cylinders.

FIG. 5 is a schematic illustration of a portion of the internal
combustion engine system of FIG. 1 showing another
embodiment of a fueling system for the dedicated and non-
dedicated cylinders.

FIG. 6 is a schematic illustration of a portion of the internal
combustion engine system of FIG. 1 showing another
embodiment of a fueling system for the dedicated and non-
dedicated cylinders.

FIG. 7 is a flow diagram of a flow procedure for fueling the
plurality of cylinders of the systems of FIGS. 1-6.

DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

For the purposes of promoting an understanding of the
principles of the invention, reference will now be made to the
embodiments illustrated in the drawings and specific lan-
guage will be used to describe the same. It will nevertheless
be understood that no limitation of the scope of the invention
is thereby intended, any alterations and further modifications
in the illustrated embodiments, and any further applications
of the principles of the invention as illustrated therein as
would normally occur to one skilled in the art to which the
invention relates are contemplated herein.
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With reference to FIG. 1, a system 20 for providing a
dedicated EGR flow is illustrated in schematic form. System
20 is depicted having an engine 30 with an intake and exhaust
system connected by a dedicated EGR system or loop 21. The
engine 30 is an internal combustion engine of any type, and
can include a stoichiometric engine, a gasoline engine, alco-
hol engine (e.g. ethanol or methanol), or a natural gas engine.
In certain embodiments, the engine 30 includes a lean com-
bustion engine such as a lean burn gasoline engine, lean burn
alcohol engine, lean burn natural gas engine, or a diesel cycle
engine. In certain embodiments, the engine 30 may be any
engine type producing emissions that may be used in an
exhaust gas recirculation (EGR) system to, for example to
reduce knock and NO_ emissions from the engine 30. In the
illustrated embodiment, the engine 30 includes six cylinders
304-30f'in an in-line arrangement. However, the number of
cylinders may be any number, and the arrangement of cylin-
ders may be any arrangement, and is not limited to the number
and arrangement shown in FIG. 1.

The engine 30 includes at least one dedicated EGR cylinder
304, and the remaining cylinders 305-30f are not dedicated to
EGR. However, cylinders 306-30f may be connected to the
intake system to provide exhaust gas recirculation in certain
conditions. While only one dedicated EGR cylinder 30a is
shown in FIG. 1, two or more dedicated EGR cylinders are
also contemplated. The term dedicated EGR, as utilized
herein, should be read broadly. Any EGR arrangement
wherein, during at least certain operating conditions, the
entire exhaust output of certain dedicated cylinder(s) is recir-
culated to the engine intake is a dedicated EGR arrangement.
In the system 20, the exhaust gas from the dedicated
cylinder(s) 30a recirculates and combines with intake gases at
a position upstream of an intake manifold 28 of engine 30.
The recirculated exhaust gas may combine with the intake
gases at a mixer (not shown) at mixing location 24 of intake
22 or by any other arrangement. In certain embodiments, the
recirculated exhaust gas returns to the intake manifold 28
directly. The dedicated EGR system 21 of FIG. 1 may be a
high-pressure loop or system, for example, by returning the
exhaust of the dedicated EGR cylinder(s) 30a to the intake 22
at a position downstream of a compressor 50 as shown, or a
low-pressure loop, for example, by returning to the intake 22
at a position upstream of compressor 50.

Engine 30 includes an engine block 70 that at least partially
defines the cylinders 30a-30f. A piston (not shown) may be
slidably disposed within each cylinder 30a-30fto reciprocate
between a top-dead-center position and a bottom-dead-center
position, and a cylinder head (not shown) may be associated
with each cylinder 30a-30f. Each of the cylinders 30a-30f, its
respective piston, and the cylinder head form a combustion
chamber. In the illustrated embodiment, engine 30 includes
six such combustion chambers. However, it is contemplated
that engine 30 may include a greater or lesser number of
cylinders and combustion chambers and that cylinders and
combustion chambers may be disposed in an “in-line” con-
figuration, a “V” configuration, or in any other suitable con-
figuration.

System 20 also includes an intake 22 that may include one
or more inlet supply conduits 23, a mixing location 24, an
intake manifold supply conduit 26, and an engine intake
manifold 28 connected to engine 30. System 20 also includes
an exhaust system coupled to engine 30 that includes an
engine exhaust manifold 32, exhaust conduit 34, a turbo-
charger 46, and an aftertreatment system (not shown) con-
nected with an outlet conduit 68 that includes, for example, a
three-way catalyst for removing one or more pollutants from
the exhaust gas stream.
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In one embodiment, engine 30 is a four stroke engine. That
is, for each complete engine cycle (i.e., for every two full
crankshaft rotations), each piston of each cylinder 30a-30f
moves through an intake stroke, a compression stroke, a com-
bustion or power stroke, and an exhaust stroke. Thus, during
each complete cycle for the depicted six cylinder engine,
there are six strokes during which air is drawn into individual
combustion chambers from intake manifold supply conduit
26. In the illustrated embodiment, during five strokes exhaust
is expelled from individual cylinders 305-30fto exhaust con-
duit 34, and during one exhaust stroke exhaust gas is expelled
from cylinder 30a to a recirculating exhaust gas supply con-
duit 40 to provide a dedicated EGR fraction of about 16%.
These strokes correspond with pulsations of air and exhaust
within the respective systems. It should be understood that
other dedicated EGR fractions are contemplated. For
example, by way of illustration and not limitation, an arrange-
ment with two dedicated EGR cylinders provides a dedicated
EGR fraction 0f 33%, and a four cylinder engine with a single
dedicated cylinder provides a dedicated EGR fraction of
25%.

Dedicated EGR system 21 includes a recirculating exhaust
gas supply conduit 40 that is separate from exhaust flow
conduit 34. Supply conduit 40 extends from and is in flow
communication with the combustion chamber(s) of the dedi-
cated cylinder(s) 30a of engine 30 that supplies exhaust gas
flow to supply conduit 40. The dedicated EGR system 21 may
also include an EGR cooler 38. EGR flow in dedicated EGR
system 21 continues from EGR cooler 38 through an EGR
conduit 44 to mixing location 24 where EGR flow is mixed
with inlet flow from inlet supply conduit 23. EGR conduit 44
is flow coupled to mixing location 24 and the inlet supply
conduit 23 is flow coupled to mixing location 24 to create a
charge flow that includes combined inlet flow and recircu-
lated exhaust gas from dedicated EGR system 21. The charge
flow created at mixing location 24 is flow coupled to engine
intake manifold 28 through intake manifold supply conduit
26.

The dedicated EGR cylinder(s) 30a of engine 30 is flow
coupled to EGR cooler 38 through recirculating exhaust gas
supply conduit 40, and EGR cooler 38 is flow coupled to
mixing location 24 through EGR conduit 44. EGR cooler 38
may further be connected to a radiator system 54 including a
low temperature radiator 56 and a high temperature radiator
58. A coolant return line 60 extends from EGR cooler 38 to
radiator system 54 and a coolant supply line 62 supplies
coolant from radiator system 54 to EGR cooler 38. Coolant
supply line 62 may include a pump 64 to provide circulation
of coolant flow. In another embodiment, the coolant system
may utilize only one radiator, such as radiator 58. In still other
embodiments, dedicated EGR system 21 includes a bypass
and a control valve to selectively bypass all or a portion of the
dedicated EGR flow around EGR cooler 38.

In one embodiment, exhaust conduit 34 is flowed coupled
to exhaust manifold 32, and may also include one or more
intermediate flow passages, conduits or other structures.
Exhaust conduit 34 extends to a turbine 48 of a turbocharger
46. Turbocharger 46 may be any suitable turbocharger known
in the art, including variable-geometry turbine turbochargers
and waste-gated turbochargers. Turbocharger 46 may also
include multiple turbochargers. Turbine 48 is connected via a
shaft 49 to a compressor 50 flow coupled to inlet supply
conduit 23. Inlet supply conduit 32 may include a charge air
cooler 52 downstream from compressor 50 and upstream
from mixing location 24. In another embodiment, a charge air
cooler 52 is located in the intake system downstream from
mixing location 24.
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Inoperation of system 20, fresh air is supplied through inlet
air supply conduit 23. The fresh air flow or combined flows
can be filtered, unfiltered, and/or conditioned in any known
manner, either before or after mixing with the dedicated EGR
flow from dedicated EGR system 21. The intake system may
include components configured to facilitate or control intro-
duction of the combined flow to engine 30, and may include
an induction valve or throttle (not shown), one or more com-
pressors 50, and charge air cooler 52. The induction valve
may be connected upstream or downstream of compressor 50
via a fluid passage and configured to regulate a flow of atmo-
spheric air and/or combined flow to engine 30. Compressor
50 may be a fixed or variable geometry compressor config-
ured to receive air or combined flow from the induction valve
and compress the air or combined flow to a predetermined
pressure level before engine 30. Charge air cooler 52 may be
disposed within inlet air supply conduit 23 between engine 30
and compressor 50, and embody, for example, an air-to-air
heat exchanger, an air-to-liquid heat exchanger, or a combi-
nation of both to facilitate the transfer of thermal energy to or
from the flow directed to engine 30.

In one embodiment, ambient air and/or combined flow is
pressurized with compressor 50 and sent through charge air
cooler 52 before delivery to mixing location 24. The EGR
flow from dedicated EGR system 21 is distributed and mixed
with inlet air at mixing location 24. The air-exhaust gas mix-
ture is then supplied to engine 30 through intake manifold
supply conduit 26 to engine intake manifold 28.

In certain embodiments, and as discussed further below
with respect to FIGS. 2-6, the dedicated EGR cylinder(s) 30a
and non-dedicated cylinders 305-f include at least one of a
port injector or a direct injector for delivering fuel to the
combustion chamber thereof from a primary fuel source. In
addition, dedicated EGR cylinder(s) 30a includes at least one
second injector that is a port injector or direct injector for
delivering fuel to its combustion chamber from a secondary
fuel source. The fueling from the primary fuel source is con-
trolled to provide an exhaust lambda value from the non-
dedicated cylinder(s) 305-30fthat is around one, and a second
fuel flow to the dedicated cylinder(s) 30a from the primary
fuel source or a secondary fuel source is controlled to provide
an exhaust lambda value from the dedicated cylinder(s) 30a
that is less than one, or to provide some other desired opera-
tional outcome. For example, the exhaust output from the
dedicated EGR cylinder(s) 30a can be controlled by the sec-
ond fuel flow to produce hydrogen and carbon monoxide.
When these constituents are present in dedicated EGR system
21, they are in turn provided to the intake of all cylinders
304-30f to increase the combustion speed and reduce the
production of pollutants during the combustion process in the
non-dedicated cylinders 305-30f

A direct injector, as utilized herein, includes any fuel injec-
tion device that injects fuel directly into the cylinder volume,
and is capable of delivering fuel into the cylinder volume
when the intake valve(s) and exhaust valve(s) are closed. The
direct injector may be structured to inject fuel at the top of the
cylinder. In certain embodiments, the direct injector may be
structured to inject fuel into a combustion pre-chamber. Each
dedicated EGR cylinder 30a and non-dedicated cylinders
306-f may include one or more direct injectors. The direct
injectors may be the primary fueling device for the non-
dedicated cylinders 305-30f and dedicated EGR cylinder(s)
30a, or alternatively or additionally the direct injectors may
be an auxiliary or secondary fueling device for the dedicated
EGR cylinder(s) 30a.

A port injector, as utilized herein, includes any fuel injec-
tion device that injects fuel outside the engine cylinder in the
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intake manifold to form the air-fuel mixture. The port injector
sprays the fuel towards the intake valve. During the intake
stroke, the downwards moving piston draws in the air/fuel
mixture past the open intake valve and into the combustion
chamber. Each dedicated EGR cylinder 30a and non-dedi-
cated cylinders 305-f may include one or more port injectors.
The port injectors may be the primary fueling device for the
non-dedicated cylinders 306-30f and dedicated EGR
cylinder(s) 30a, or alternatively or additionally the port injec-
tors may be an auxiliary or secondary fueling device for the
dedicated EGR cylinder(s) 30a.

In certain embodiments, each cylinder 30a-30f includes
one of a port or direct injector that is capable of providing all
of'the designed primary fueling amount for the cylinder 30a-
30fat any operating condition. The dedicated cylinder(s) 30a
includes at least one additional port or fuel injector to provide
secondary fueling to the dedicated cylinder(s) 30a so that the
exhaust output from the dedicated cylinder(s) 30a differs
from the exhaust output of the non-dedicated cylinders 305-f
to achieve desired operational outcomes, such as improved
efficiency, improved fuel economy, improved high load
operation, and other outcomes.

Exhaust gas from the non-dedicated cylinders 3056-30f
passes into an exhaust conduit 34 and through turbine 48.
Exhaust gas from turbine 48 is outlet through an aftertreat-
ment system (not shown) to a tail pipe or other structure to the
atmosphere. The exhaust system along outlet conduit 68 may
include components configured to treat exhaust from engine
30 before release to the atmosphere. Specifically, the exhaust
system may include, for example, oxidation devices (DOC),
particulate removing devices (DPF, CDPF), constituent
absorbers or reducers (SCR, AMOX, LNT), three-way cata-
lysts for stoichiometric spark ignited engines, attenuation
devices (mufflers), controllers, etc., if desired.

In operation, engine 30 produces an exhaust gas stream
from non-dedicated cylinders 305-30f into exhaust conduit
34, an exhaust stream from dedicated cylinder(s) 30a into
dedicated EGR system 21, and receives a charge flow from
intake manifold supply conduit 26 comprising intake air and
recirculated exhaust gas from dedicated EGR system 21. The
engine 30 is fluidly coupled to intake manifold 28 and exhaust
manifold 32, and the EGR stream passes from the one or more
dedicated cylinder(s) 30a through EGR supply conduit 40.
The dedicated EGR supply conduit 40 is illustrated as exiting
the dedicated cylinder 30a, but may include one or more
branch lines to receive exhaust from one or more of the other
cylinders dedicated to providing EGR flow.

With further reference to FIG. 2, one embodiment of sys-
tem 20 is shown with a fuel system 100 that includes at least
one fuel source to provide a primary fuel flow to all the
cylinders 30a-30f and a second fuel flow to dedicated
cylinder(s) 30a in addition to the primary fuel flow. Only
cylinders 30a-30d are shown in FIGS. 2-6 for purposes of
clarity, it being understood that any cylinder arrangement
discussed herein is contemplated. Fueling system 100
includes a first fuel source 102 and a second fuel source 104.
In one embodiment, first fuel source 102 is a primary fuel
source that provides a flow of fuel to each of the cylinders
30a-30f, and second fuel source 104 is a secondary fuel
source that provides a second flow of fuel only to dedicated
EGR cylinder(s) 30a. The second flow of fuel changes the
characteristics of the exhaust output of the dedicated
cylinder(s) 30a to produce a desired operational outcome of
cylinders 30a-30f using the recirculated exhaust gas from
dedicated EGR system 21 of FIG. 1. In another embodiment,
the first fuel source 102 is sole fuel source that is carbureted or



US 9,194,307 B2

7

fumigated and the dedicated cylinder(s) 30a have a second
injector that is a direct injector or port injector.

First fuel source 102 includes a first fuel pump 106 that is
connected to a controller 200, and the second fuel source 104
includes a second fuel pump 108 that is connected to control-
ler 200. Each of the cylinders 30a-30fincludes a port injector,
such as port injectors 114a-114d associated with each of the
illustrated cylinders 30a-30d of FIG. 2. Port injectors 114a-
114d are electrically connected with controller 200 to receive
fueling commands that provide a fuel flow to the respective
cylinder in accordance with a fuel command determined
according to engine operating conditions and operator
demand by reference to fueling maps, control algorithms, or
other fueling rate/amount determination source stored in con-
troller 200. First fuel pump 106 is connected to each of the
port injector 114a-114d with a first fuel line 110. First fuel
pump 106 is operable to provide a first fuel flow from first fuel
source 102 to each of the cylinders 30a-304 in an amount
determined by controller 200 that achieves a desired power
and exhaust output from the non-dedicated cylinders 305-d.
Furthermore, dedicated EGR cylinder 30q includes a second
port injector 1164 electrically connected with controller 200.
Second fuel pump 108 is connected to second port injector
116a with a second fuel line 112. Second fuel pump 108 is
operable to provide a second fuel flow from second fuel
source 104 in an amount determined by controller 200 that
achieves a desired power and exhaust output from dedicated
cylinder 30aq.

In one embodiment, the first fuel source 102 is gasoline and
the second fuel source 104 is a gasoline and ethanol alcohol
blend, such as E85. Gasoline provides high energy density to
achieve high performance and fuel economy when com-
busted by all the cylinders 30a-30f. The E85 fuel provides a
lower density fuel that can be added to the gasoline flow to
dedicated EGR cylinder 30qa to achieve an exhaust output that
includes hydrogen and carbon monoxide which is re-circu-
lated to each of the cylinders 30a-30f'by the dedicated EGR
system 21. These species in the recirculated exhaust gas
improves the combustion speed and reduces knock, while
maintaining fuel economy and high load performance of the
high energy density fuel and minimizing fuel economy
impact from fueling with a lower energy density fuel.

In another embodiment of system 20 illustrated in FIG. 3,
a system 300 is shown in which like components with system
20 are designated with the same reference numerals used
previously herein. In system 300, dedicated EGR cylinder
30a includes a second injector in the form of a direct injector
316a clectrically connected with controller 200. Second fuel
pump 108 is connected to direct injector 3164 with second
fuel line 112. Second fuel pump 108 is operable to provide a
second fuel flow from second fuel source 104 through direct
injector 3164, in addition to the first fuel flow from first fuel
source 102 through port injector 114a, in an amount deter-
mined by controller 200 that achieves a desired power and
exhaust output from dedicated cylinder 30a.

In another embodiment of system 20 illustrated in FIG. 4,
a system 400 is shown in which like components are desig-
nated with the same reference numerals used previously
herein. In system 400, each of the cylinders 30a-30fincludes
a direct injector, such as direct injectors 414a-414d associ-
ated with each of the illustrated cylinders 30a-30d of F1G. 4.
Direct injectors 414a-414d are electrically connected with
controller 200. First fuel pump 106 is connected to each of the
direct injectors 414a-414d with first fuel line 110. First fuel
pump 106 is operable to provide a first fuel flow from first fuel
source 102 through each of the direct injectors 414a-414d to
each of the cylinders 304-30d in an amount determined by

10

15

20

25

30

35

40

45

50

55

60

65

8

controller 200 that achieves a desired exhaust output from the
non-dedicated cylinders 305-d. Dedicated EGR cylinder 30a
includes a second injector in the form of a port injector 416a
electrically connected with controller 200. Second fuel pump
108 is connected to port injector 416a with second fuel line
112. Second fuel pump 108 is operable to provide a second
fuel flow from second fuel source 104 through port injector
4164, in addition to the first fuel flow from first fuel source
102 through direct injector 414a, in an amount determined by
controller 200 that achieves a desired power and exhaust
output from dedicated cylinder 30a.

In another embodiment of system 20 illustrated in FIG. 5,
a system 500 which is similar to system 400 is shown, and in
which like components are designated with the same refer-
ence numerals used previously herein. In system 500, dedi-
cated EGR cylinder 30a includes a second direct injector
516a clectrically connected with controller 200. Second fuel
pump 108 is connected to direct injector 5164 with second
fuel line 112. Second fuel pump 108 is operable to provide a
second fuel flow from second fuel source 104 through direct
injector 5164, in addition to the first fuel flow from first fuel
source 102 through direct injector 414a, in an amount deter-
mined by controller 200 that achieves a desired power and
exhaust output from dedicated cylinder 30qa. In this embodi-
ment, direct injector 414a can be center mounted on each
dedicated cylinder(s) 30a and direct injector 516a can be
laterally mounted on each dedicated cylinder(s) 30a. Alter-
natively, direct injector 414a can be laterally mounted and
directed injector 516a can be center mounted.

The various embodiments disclosed herein contemplate
various fuels for first fuel source 102, including, but not
limited to, gasoline, a gasoline and ethanol alcohol mix such
as E85, and natural gas. The second fuel source 104 can
include, but is not limited to, gasoline, natural gas, methane,
and an ammonia source. As used herein, ammonia source
includes any source of ammonia including aqueous mixtures
including an ammonia source, such as urea and water, diesel
exhaust fluid, or ammonia surrogate. Except as discussed
below with respect to FIG. 6, the second fuel source is differ-
ent than the first fuel source.

In another embodiment of system 20 illustrated in FIG. 6,
a system 600 is shown in which like components with system
20 are designated with the same reference numerals used
previously herein. System 600 includes a fuel system 700
with a single fuel source 704 having a fuel pump 706 electri-
cally connected with controller 200. Fuel source 704 stores a
fuel that is delivered to cylinders 30a-304 with a fuel pump
706. Alternatively, the first fuel source can be pressurized and
no fuel pump is required for providing the first fuel flows In
the illustrated embodiment, fuel pump 706 is connected to a
first injector 714 located at an inlet to compressor 50 of
turbocharger system 46 with a first fuel line 708.

Fuel pump 706 is further connected with a second injector
716 at each of the dedicated cylinder(s) 30a with a second fuel
line 710. In another alternative embodiment, the fuel source is
pressurized to provide the second fuel flow without a fuel
pump, In another embodiment, a fuel pump 706 is only pro-
vided for the second fuel flow and the first fuel flow is pro-
vided by a pressurized fuel source. Second injector 716 can be
a port injector as shown, as a direct injector as indicated by
716'. A control valve 712 can be provided in fuel line 710
and/or at one or more other locations in fuel system 700 that
is connected to controller 200. Alternatively, a second fuel
pump can be provided and connected to second injector 716
with a separate fuel line. The control valve(s) 712, fuel pump
706, and/or injectors 714, 716 can be operable to regulate the
amount of the first flow of fuel to all cylinders 30a-30fand to
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the dedicated cylinder(s) 30a to provide the desired power
and exhaust output. In one embodiment, the single fuel source
704 is natural gas and injectors 714, 716 are natural gas
injectors.

In the embodiment of FIG. 6, the fuel source provides the
same fuel source for the first and second fuel flows, and the
first fuel flow can be fumigated or carbureted. Existing
engines employing such a fueling system can be converted to
provide dedicated exhaust gas recirculation by providing a
port injector or direct injector on the dedicated cylinder(s)
30a. One example of such engine suitable for a conversion of
this type is an engine using natural gas a fuel source for the
first and second fuel flows.

In certain embodiments of the systems disclosed herein,
controller 200 is structured to perform certain operations to
control engine operations and fueling of cylinders 30a-30f
with fueling system 100, 700 to provide the desired exhaust
output from the non-dedicated cylinders 306-30f and the
dedicated cylinder(s) 30a. In certain embodiments, the con-
troller 200 forms a portion of a processing subsystem includ-
ing one or more computing devices having memory, process-
ing, and communication hardware. The controller 200 may be
a single device or a distributed device, and the functions of the
controller 200 may be performed by hardware or software.
The controller 200 may be included within, partially included
within, or completely separated from an engine controller
(not shown). The controller 200 is in communication with any
sensor or actuator throughout the systems disclosed herein,
including through direct communication, communication
over a datalink, and/or through communication with other
controllers or portions of the processing subsystem that pro-
vide sensor and/or actuator information to the controller 200.

Certain operations described herein include operations to
interpret one or more parameters. Interpreting, as utilized
herein, includes receiving values by any method known in the
art, including at least receiving values from a datalink or
network communication, receiving an electronic signal (e.g. a
voltage, frequency, current, or PWM signal) indicative of the
value, receiving a software parameter indicative of the value,
reading the value from a memory location on a non-transient
computer readable storage medium, receiving the value as a
run-time parameter by any means known in the art, and/or by
receiving a value by which the interpreted parameter can be
calculated, and/or by referencing a default value that is inter-
preted to be the parameter value.

The schematic flow description which follows provides an
illustrative embodiment of performing procedures for provid-
ing compositional feedback control of a dedicated EGR sys-
tem in combination with a multi-fuel flow to the dedicated
EGR cylinders 30(a) such as is provided with fuel system 100
or fuel system 700. As used herein, a multi-fuel flow system
is a fueling system in which each of the cylinders 30a-30f
receives a first fuel flow and the dedicated cylinder(s) 30a
receive an additional, second fuel flow. Operations illustrated
are understood to be exemplary only, and operations may be
combined or divided, and added or removed, as well as re-
ordered in whole or part, unless stated explicitly to the con-
trary herein. Certain operations illustrated may be imple-
mented by a computer executing a computer program product
on a non-transient computer readable storage medium, where
the computer program product comprises instructions caus-
ing the computer to execute one or more of the operations, or
to issue commands to other devices to execute one or more of
the operations.

In FIG. 7, one embodiment of a flow diagram for operating
engine 30 with a dedicated EGR system 21 and a fueling
system 100, 700 is disclosed. Procedure 800 starts at 802
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upon, for example, starting of engine 30. At operation 804 the
operating conditions of engine 30, including the fueling pro-
vided thereto and the exhaust produced thereby, are deter-
mined. The operating conditions of engine 30 can indicate,
for example, a cold start condition, a warm-up condition, a
high load condition, or other condition in which fueling of
cylinders 30a-30f may be controlled to provide a desired
operational outcome, such as mitigating emissions of pollut-
ants or meeting certain performance requirements over a
period of time. These operating conditions, among other fac-
tors such as fuel type, engine speed, engine load, etc., are used
at operation 806 to determine a fueling rate to each of the
cylinders 30a-30ffrom the at least one fuel source to obtain a
lambda value of about 1 in the exhaust output from the non-
dedicated cylinders 305-30f. A lambda value of 1 represents
the ideal stoichiometric ratio of air to fuel in the intake charge
flow to the cylinders 30a-30fto completely burn the fuel.

Procedure 800 continues at operation 808 in which a
desired exhaust output strategy for the dedicated EGR cylin-
der(s)30a is selected. Since dedicated cylinder(s) 30a receive
a second flow of fuel from the same or different source of fuel
used to fuel all cylinders 30a-30fat operation 806, the exhaust
output in the dedicated EGR system 21 can be manipulated to
achieve a desired operational outcome by providing charac-
teristics to the exhaust in the dedicated EGR flow that is
received by all cylinders 30a-30f. For example, one output
strategy of procedure 800 includes determining at conditional
810 whether to evenly split the total fuel flow to the dedicated
EGR cylinder 30(a) between the first fuel flow and the second
fuel flow. If an even split is not desired, procedure 800 con-
tinues at conditional 812 where it is determined whether
control of a knock condition in the dedicated EGR cylinders
30(a) should be employed to determine the second fuel flow.
If conditional 810 or conditional 812 are affirmative, proce-
dure 800 continues at operation 816 in which the fueling rate
for the second fuel flow to the dedicated EGR cylinder(s) 30a
is determined to satisty the desired operational outcome.

If conditional 810 and conditional 812 are negative, pro-
cedure 800 continues at operation 814 in which a lambda
value for the exhaust output from the dedicated EGR
cylinder(s) 30a is determined based on operating conditions.
In one embodiment, the lambda value for the dedicated cyl-
inder(s) 30a is set to be less than one at operation 814 to
provide a rich fueling condition to the dedicated cylinder(s)
30a, which increases the beneficial presence of Hydrogen and
CO in the recirculated exhaust gas. Procedure 800 continues
at operation 816 the second fuel flow that achieves the target
lambda value is determined and the dedicated EGR
cylinder(s) 30a are fueled accordingly. In other embodiments
of'procedure 800, one or more of conditionals 810 and 812 are
omitted, and the second fuel flow is determined solely by the
target lambda value to be achieved. Procedure 800 ends at
operation 818 when, for example, engine operation is termi-
nated.

In certain embodiments of procedure 800, operation 814
includes an operation to interpret a lambda value amount to be
produced by dedicated EGR cylinder(s) 30a, and to deter-
mine a fuel amount for the dedicated EGR cylinder(s) 30a in
response to the lambda value. The procedure 800 can further
include an operation 816 to fuel the dedicated EGR
cylinder(s) 30a in response to the determined fuel amount.
The fueling of the plurality of cylinders 30a-30f and the
dedicated EGR cylinder(s) 30a in response to the determined
fuel amount includes, without limitation, fueling the cylin-
ders with the fuel amount required to achieve a desired
lambda value, progressing acceptably toward the fuel amount
required to achieve the lambda value, and/or fueling with an
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amount otherwise limited such as by oxygen-fuel limits,
torque production limits, engine vibration limits, intake
manifold or EGR system temperature limits, knock reduction
limits, etc. Example operations to interpret the lambda value
include, without limitation, interpreting a lambda value in an
exhaust stream of an internal combustion engine from the
non-dedicated cylinders 305-30fand from the dedicated EGR
cylinder(s) 30a using any known method, sensor or combi-
nation of sensors in the exhaust for determining air to fuel
ratio in the cylinders 30a-30f

Various aspects of the systems and methods disclosed
herein are contemplated. For example, one aspect relates to a
method that includes operating an internal combustion
engine. The engine includes a plurality of cylinders, at least
one fuel source that is connected to the plurality of cylinders,
an exhaust system, and an intake system. At least one of the
plurality of cylinders is a dedicated cylinder operably con-
nected to provide exhaust flow to a dedicated exhaust gas
recirculation system, and a remaining portion of the plurality
of'cylinders are operably connected to provide exhaust flow to
the exhaust system. The method includes providing a first fuel
flow from the at least one fuel source to each of the plurality
of cylinders through the first fueling system and providing a
second fuel flow from the at least one fuel source to each
dedicated cylinder through the second fueling system while
providing the first fuel flow to each of the plurality of cylin-
ders through the first fueling system.

According to another aspect, a method includes providing
an internal combustion engine operable to produce a flow of
exhaust from a plurality of cylinders into an exhaust system of
the internal combustion engine; configuring the exhaust sys-
tem to direct a first portion of the flow of exhaust to a dedi-
cated exhaust gas recirculation system to mix with an intake
flow to the plurality of cylinders for combustion by the plu-
rality of cylinders. The exhaust system is configured so that
the first portion of the flow of exhaust is created by combus-
tion in at least one dedicated cylinder of the plurality of
cylinders. The method further includes configuring the
exhaust system to direct a remaining portion of the flow of
exhaust to an exhaust outlet from the remaining portion of the
plurality of cylinders that are not dedicated to exhaust gas
recirculation. The method also includes connecting at least
one fuel source to each of the plurality of cylinders to provide
afirst flow of fuel to each of the plurality of cylinders from the
at least one fuel source and connecting the at least one source
of fuel to each dedicated cylinder to provide a second flow of
fuel of fuel to each dedicated cylinder from the at least one
fuel source that is in addition to the first flow of fuel.

According to one embodiment of the methods disclosed
herein, the at least one fuel source is a single fuel source. In a
refinement of this embodiment, the single fuel source is natu-
ral gas and the first fuel flow is provided through a fuel
injector at an inlet to a compressor of the intake system and
the second fuel flow is provided through a fuel injector
located at each dedicated cylinder. In another embodiment,
the second fuel flow is provided through a mixer located
upstream or downstream of the compressor.

According to another embodiment, the plurality of cylin-
ders are operated to combust the first fuel flow to obtain an
exhaust output having a lambda value of about 1 from the
remaining portion of the plurality of cylinders, and each dedi-
cated cylinder is operated to combust the first fuel flow and
the second fuel flow to obtain an exhaust output having a
lambda value of less than 1.

In another embodiment, the at least one fuel source
includes a first fuel source of gasoline and a second fuel
source of E85. In one refinement of this embodiment, the first
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fuel source is connected to a first port injector at each of the
plurality of cylinders and the second fuel source is connected
to a second port injector at each dedicated cylinder. In another
refinement of this embodiment, the first fuel source is con-
nected to a port injector at each of the plurality of cylinders
and the second fuel source is connected to a direct injector at
each dedicated cylinder. The second fuel flow can be con-
trolled as a function of knock in each dedicated cylinder. In
another refinement of this embodiment, the first fuel source is
connected to a direct injector at each of the plurality of cyl-
inders and the second fuel source is connected to a port fuel
injector at each dedicated cylinder. In yet another refinement
of this embodiment, the first fuel source is connected to a first
direct injector at each of the plurality of cylinders and the
second fuel source is connected to a second direct injector at
each dedicated cylinder.

In another embodiment of the method, the at least one fuel
source includes a first fuel source of E85 and a second fuel
source of gasoline. In a refinement of this embodiment, the
first fuel source is connected to a direct injector at each of the
plurality of cylinders and the second fuel source is connected
to a port fuel injector at each dedicated cylinder.

In another embodiment of the method, the at least one fuel
source includes a first fuel source providing the first fuel flow
with a first fuel to the plurality of cylinders so that the exhaust
output from combustion of the first fuel in the remaining
portion of the plurality of cylinders that has a lambda value of
about 1. In a refinement of this embodiment, the at least one
fuel source includes a second fuel source providing the sec-
ond fuel flow to each dedicated cylinder so that the exhaust
output from combustion of the first and second fuels in each
dedicated cylinder has a lambda value that is less than one. In
another refinement of this embodiment, the at least one fuel
source includes a second fuel source providing the second
fuel flow to each dedicated cylinder and the first fuel flow and
the second fuel flow are provided to each dedicated cylinder
during an intake stroke of each dedicated cylinder. In yet
another refinement of this embodiment, the at least one fuel
source includes a second fuel source providing the second
fuel flow to each dedicated cylinder and the first fuel flow is
provided to each dedicated cylinder during an intake stroke of
each dedicated cylinder and the second fuel flow is provided
to each dedicated cylinder during a power or exhaust stroke of
after combustion has been initiated in each dedicated cylin-
der. In a further refinement, the at least one fuel source
includes a second fuel source providing the second fuel flow
to each dedicated cylinder and the first fuel flow and the
second fuel flow are provided in equal amounts to each dedi-
cated cylinder.

According to another embodiment of the method, the at
least one fuel source includes a first fuel source and a second
fuel source. The first fuel source includes a fuel selected from
the group consisting of gasoline, E85, and natural gas; and the
second fuel source includes a fuel selected from the group
consisting of gasoline, E85, natural gas, methane, and an
ammonia source. In a refinement of this embodiment, the fuel
of the first fuel source and the fuel of the second fuel source
are different fuels.

According to another aspect, a system is disclosed that
includes an engine having a plurality of cylinders, an intake
system configured to direct a charge flow to all of the plurality
of cylinders, an exhaust system configured to receive exhaust
from a first portion of the plurality of cylinders and outlet the
exhaust to atmosphere, a dedicated exhaust gas recirculation
system configured to receive exhaust from a second portion of
the plurality of cylinders and direct the exhaust from the
second portion of the plurality of cylinders to the intake
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system, and a fuel system including at least one fuel source
that is connected to each of the plurality of cylinders to
provide a first fuel flow, the at least one fuel source further
being connected to the second portion of the plurality of
cylinders to provide a second fuel flow in addition to the first
fuel flow.

In one embodiment of the system, the second portion of the
plurality of cylinders is dedicated entirely to providing
exhaust for recirculation to the intake system. In another

5

embodiment, the system includes a turbocharger system 10

including a turbine connected to the first portion of the plu-
rality of cylinders to receive exhaust therefrom. In a refine-
ment of this embodiment, the at least one fuel source is a
single fuel source of natural gas, the single fuel source is
connected to a first fuel injector at an inlet to a compressor of
the turbocharger system, the first fuel injector provides the
first fuel flow, the single fuel source is further connected to a
second fuel injector at each of the second portion of the
plurality of cylinders, and the second fuel injector provides
the second fuel flow.

In another embodiment of the system, the at least one fuel
source includes a first fuel source connected to each of the
plurality of cylinders and a second fuel source connected only
to each of the second portion of the plurality of cylinders. In
a refinement of this embodiment, each of the plurality cylin-
ders includes a port injector and each of the second portion of
the plurality of cylinders further includes a second port injec-
tor. In another refinement of this embodiment, each of the
plurality cylinders includes a port injector and each of the
second portion of the plurality of cylinders further includes a
direct injector. In yet another refinement of this embodiment,
each of the plurality cylinders includes a direct injector and
each of the second portion of the plurality of cylinders further
includes a port injector. In another refinement of this embodi-
ment, each of the plurality cylinders includes a direct injector
and each of the second portion of the plurality of cylinders
further includes a second direct injector.

In another embodiment, the system includes a first fuel
source and a second fuel source. The first fuel source includes
afuel selected from the group consisting of gasoline, E8S5, and
natural gas; and the second fuel source includes a fuel
selected from the group consisting of gasoline, E85, natural
gas, methane, and an ammonia source. In a refinement of this
embodiment, the fuel of the first fuel source and the fuel of the
second fuel source are different fuels.

While the invention has been illustrated and described in
detail in the drawings and foregoing description, the same is
to be considered as illustrative and not restrictive in character,
it being understood that only certain exemplary embodiments
have been shown and described. Those skilled in the art will
appreciate that many modifications are possible in the
example embodiments without materially departing from this
invention. Accordingly, all such modifications are intended to
be included within the scope of this disclosure as defined in
the following claims.

In reading the claims, it is intended that when words such
as “a,” “an,” “at least one,” or “at least one portion” are used
there is no intention to limit the claim to only one item unless
specifically stated to the contrary in the claim. When the
language “at least a portion” and/or “a portion” is used the
item can include a portion and/or the entire item unless spe-
cifically stated to the contrary.

What is claimed is:

1. A method, comprising:

operating an internal combustion engine including a plu-

rality of cylinders, at least one fuel source that is con-
nected to the plurality of cylinders, an exhaust system,
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and an intake system, at least one of the plurality of
cylinders being a dedicated cylinder operably connected
to provide exhaust flow to a dedicated exhaust gas recir-
culation system and a remaining portion of the plurality
of cylinders being operably connected to provide
exhaust flow to the exhaust system;

providing a first fuel flow from the at least one fuel source

to each of the plurality of cylinders; and

providing a second fuel flow from the at least one fuel

source to each dedicated cylinder while providing the
first fuel flow to each of the plurality of cylinders.

2. The method of claim 1, wherein the at least one fuel
source is a single fuel source.

3. The method of claim 2, wherein the single fuel source is
natural gas and the first fuel flow is provided through one of a
first fuel injector and a mixer located at an inlet to a compres-
sor of the intake system and the second fuel flow is provided
through a second fuel injector located at each dedicated cyl-
inder.

4. The method of claim 2, wherein the single fuel source is
natural gas and the first fuel flow is provided through one of a
first fuel injector and a mixer located at an outlet of a com-
pressor of the intake system and the second fuel flow is
provided through a second fuel injector located at each dedi-
cated cylinder.

5. The method of claim 1, wherein the plurality of cylinders
are operated to combust the first fuel flow to obtain an exhaust
output having a lambda value of about 1 from the remaining
portion of the plurality of cylinders and each dedicated cyl-
inder is operated to combust the first fuel flow and the second
fuel flow to obtain an exhaust output having alambda value of
less than 1.

6. The method of claim 1, wherein the at least one fuel
source includes a first fuel source of gasoline and a second
fuel source of E85.

7. The method of claim 6, wherein the first fuel source is
connected with a first port injector at each of the plurality of
cylinders and the second fuel source is connected with a
second port injector at each dedicated cylinder.

8. The method of claim 6, wherein the first fuel source is
connected with a port injector at each of the plurality of
cylinders and the second fuel source is connected with a direct
injector at each dedicated cylinder.

9. The method of claim 8, wherein the second fuel flow is
controlled as a function of knock in each dedicated cylinder.

10. The method of claim 6, wherein the first fuel source is
connected with a direct injector at each of the plurality of
cylinders and the second fuel source is connected with a port
fuel injector at each dedicated cylinder.

11. The method of claim 6, wherein the first fuel source is
connected with a first direct injector at each of the plurality of
cylinders and the second fuel source is connected with a
second direct injector at each dedicated cylinder.

12. The method of claim 1, wherein the at least one fuel
source includes a first fuel source of E85 and a second fuel
source of gasoline.

13. The method of claim 12, wherein the first fuel source is
connected with a direct injector at each of the plurality of
cylinders and the second fuel source is connected with a port
fuel injector at each dedicated cylinder.

14. The method of claim 1, wherein the at least one fuel
source includes a first fuel source providing the first fuel flow
with a first fuel to the plurality of cylinders so that the exhaust
output from combustion of the first fuel in the remaining
portion of the plurality of cylinders that has a lambda value of
about 1.
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15. The method of claim 14, wherein the at least one fuel
source includes a second fuel source providing the second
fuel flow to each dedicated cylinder so that the exhaust output
from combustion of the first and second fuels in each dedi-
cated cylinder has a lambda value that is less than one.

16. The method of claim 14, wherein the at least one fuel
source includes a second fuel source providing the second
fuel flow to each dedicated cylinder and the first fuel flow and
the second fuel flow are provided to each dedicated cylinder
during an intake stroke of each dedicated cylinder.

17. The method of claim 14, wherein the at least one fuel
source includes a second fuel source providing the second
fuel flow to each dedicated cylinder and the first fuel flow is
provided to each dedicated cylinder during an intake stroke of
each dedicated cylinder and the second fuel flow is provided
to each dedicated cylinder during an exhaust or power stroke
after combustion has been initiated in each dedicated cylin-
der.

18. The method of claim 14, wherein the at least one fuel
source includes a second fuel source providing the second
fuel flow to each dedicated cylinder and the first fuel flow and
the second fuel flow are provided in equal amounts to each
dedicated cylinder.

19. The method of claim 1, wherein:

the at least one fuel source includes a first fuel source and

a second fuel source;

the first fuel source includes a fuel selected from the group

consisting of gasoline, E85, and natural gas; and

the second fuel source includes a fuel selected from the

group consisting of gasoline, E85, natural gas, methane,
and an ammonia source.
20. The method of claim 19, wherein the fuel of the first
fuel source and the fuel of the second fuel source are different
fuels.
21. A method, comprising:
providing an internal combustion engine operable to pro-
duce a flow of exhaust from a plurality of cylinders into
an exhaust system of the internal combustion engine;

configuring the exhaust system to direct a first portion of
the flow of exhaust to a dedicated exhaust gas recircula-
tion system to mix with an intake flow to the plurality of
cylinders for combustion by the plurality of cylinders,
wherein the exhaust system is configured so that the first
portion of the flow of exhaust is created by combustion
in at least one dedicated cylinder of the plurality of
cylinders;

configuring the exhaust system to direct a remaining por-

tion of the flow of exhaust to an exhaust outlet, wherein
the remaining portion of the flow of exhaust is created by
combustion in a remaining portion of the plurality of
cylinders that are not dedicated to exhaust gas recircu-
lation;

connecting at least one fuel source to each of the plurality

of cylinders to provide a first flow of fuel to each of the
plurality of cylinders from the at least one fuel source;
and

connecting the at least one source of fuel to each dedicated

cylinder to provide a second flow of fuel to each dedi-
cated cylinder from the at least one fuel source that is in
addition to the first flow of fuel.

22. The method of claim 21, wherein:

the at least one fuel source is a single fuel source of natural

£as;

the single fuel source is connected to one of a first fuel

injector, and a mixer at an inlet to a compressor that
receives the intake flow;

the first fuel injector provides the first flow of fuel;
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the single fuel source is connected to a second fuel injector
at each of the dedicated cylinders; and

the second fuel injector provides the second flow of fuel.

23. The method of claim 21, wherein connecting the at least
one fuel source includes connecting a first fuel source to each
of plurality of cylinders and connecting a second fuel source
only to each of the dedicated cylinders.

24. The method of claim 23, wherein each of the plurality
of cylinders includes a port injector and each of the dedicated
cylinders further includes a second port injector.

25. The method of claim 23, wherein each of the plurality
cylinders includes a port injector and each of the dedicated
cylinders further includes a direct injector.

26. The method of claim 23, wherein each of the plurality
cylinders includes a direct injector and each of the dedicated
cylinders further includes a port injector.

27. The method of claim 23, wherein each of the plurality
cylinders includes a direct injector and each of the dedicated
cylinders includes a second direct injector in addition to the
direct injector.

28. The method of claim 23, wherein:

the at least one fuel source includes a first fuel source and
a second fuel source;

the first fuel source includes a fuel selected from the group
consisting of gasoline, E85, and natural gas; and

the second fuel source includes a fuel selected from the
group consisting of gasoline, E85, natural gas, methane,
and an ammonia source.

29. The method of claim 28, wherein the fuel of the first
fuel source and the fuel of the second fuel source are different
fuels.

30. A system, comprising:

an engine including a plurality of cylinders;

an intake system configured to direct a charge flow to all of
the plurality of cylinders;

an exhaust system configured to receive exhaust from a first
portion of the plurality of cylinders and outlet the
exhaust to atmosphere;

a dedicated exhaust gas recirculation system configured to
receive exhaust from a second portion of the plurality of
cylinders and direct the exhaust from the second portion
of the plurality of cylinders to the intake system; and

a fuel system including at least one fuel source that is
connected to each of the plurality of cylinders to provide
a first fuel flow, the at least one fuel source further being
connected to the second portion of the plurality of cyl-
inders to provide a second fuel flow in addition to the
first fuel flow.

31. The system of claim 30, wherein the second portion of
the plurality of cylinders is dedicated entirely to providing
exhaust for recirculation to the intake system.

32. The system of claim 30, further comprising a turbo-
charger system including a turbine connected to the first
portion of the plurality of cylinders to receive exhaust there-
from.

33. The system of claim 32, wherein:

the at least one fuel source is a single fuel source of natural
£as;

the single fuel source is connected to one of a first fuel
injector and a mixer at an inlet to a compressor of the
turbocharger system;

the first fuel injector provides the first fuel flow;

the single fuel source is further connected to a second fuel
injector at each of the second portion of the plurality of
cylinders; and

the second fuel injector provides the second fuel flow.
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34. The system of claim 30, wherein the at least one fuel
source includes a first fuel source connected to each of the
plurality of cylinders and a second fuel source connected only
to each of the second portion of the plurality of cylinders.

35. The system of claim 34, wherein each of the plurality
cylinders includes a port injector and each of the second
portion of the plurality of cylinders further includes a second
port injector.

36. The system of claim 34, wherein each of the plurality
cylinders includes a port injector and each of the second
portion of the plurality of cylinders further includes a direct
injector.

37. The system of claim 34, wherein each of the plurality
cylinders includes a direct injector and each of the second
portion of the plurality of cylinders further includes a port
injector.

38. The system of claim 34, wherein each of the plurality
cylinders includes a direct injector and each of the second
portion of the plurality of cylinders further includes a second
direct injector.

39. The system of claim 30, wherein:

the at least one fuel source includes a first fuel source and

a second fuel source;

the first fuel source includes a fuel selected from the group

consisting of gasoline, E85, and natural gas; and

the second fuel source includes a fuel selected from the

group consisting of gasoline, E85, natural gas, methane,
and an ammonia source.

40. The system of claim 39, wherein the fuel of the first fuel
source and the fuel of the second fuel source are different
fuels.
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